The genome of flaviviruses consists of one segment of single-stranded positive-sense RNA with an Mr of about 4 x 10 6. The genome terminates at the 5' end with a type 1 cap (Cleaves & Dubin, 1979) and with uridylic acid at the 3' end (Rice et al., 1985; Brinton et al., 1986) . Genomic RNA is organized into a small non-coding region (approximately 100 nucleotides) at the 5' terminus, followed by a single open reading frame (about 10-3 kb) which encodes the structural and non-structural proteins. The 3' side of this open reading frame is flanked by another non-coding region of about 600 nucleotides. Brinton & Dispoto (1988) demonstrated extensive sequence and secondary structure conservation of the 5' non-coding region of seven isolates of Saint Louis encephalitis virus (SLE) and two isolates of West Nile virus (WN). In addition, they compared the published Y-terminal sequence for five other flaviviruses and again found a high degree of conservation of secondary structure.
In this paper the 5' region of 11 isolates of Murray Valley encephalitis virus (MVE) was examined by determining the primary sequence. The sequence of MVE was compared with those of other flaviviruses, including two recently sequenced flaviviruses, Japanese encephalitis (JE; Sumiyoshi et al., 1988) and Kunjin (KUN; Coia et al., 1988) .
Details on the source, location and time of isolation, and passage history of each strain used in this study can be found in Table 1 . All virus stocks were supernatants of virus-infected Vero cell cultures. Isolates were grown on monolayers of Vero cells. Details of the method have been described previously (Coelen & Mackenzie, 1988) .
The procedure of Sanger et al. (1977) was used for primer extension sequencing. The primer was complementary to 5' CCGGGTCGTCAATATGCT Y, which is the region from nucleotides 130 to 147 of MVE-1-51 (Dalgarno et al., 1986) . Primer and template were annealed by incubation of usually 1 to 2 ~tg, but sometimes 3 ~tg, of viral RNA with 1 ~tg of primer in 6 ~tl at 56 °C for 5 min.The mixture was chilled on ice and KC1 (0-5 ~tl) was added to a concentration of 80 mM. The final reaction mixture contained one-quarter of the template-primer combination, 50 mM-Tris-HCl pH 8-3, 0-4 mM-dithiothreitol, 12 mM-MgC12, 6 units of avian myeloblastosis virus reverse transcriptase, 46 m_M-KC1, 5 ~tCi of 5'-[ct-32p]dCTP, 50 ~tM-dATP, -dTTP and -dGTP, 2.5 ~tM-dCTP, and 0-125 t~M-ddCTP or 2 ~tM-ddGTP or 2-5 ~tM-ddTTP or 5 ~tM-ddATP. The reverse transcriptase reactions were incubated for 1 h at 43 °C in 96-well trays (Cooke Engineering Co.) covered with pressure-sensitive film (Becton Dickinson). Two ~tl of an equimolar mix (50 tXM) of all four nucleotides was added and the incubation continued for another 20 min at the same temperature. The reverse transcriptase reaction was terminated with 2 ktl of formamide dye mix (96~o deionized formamide, 20mM-EDTA, 0.1% xylene cyanol FF and 0.1% bromophenol blue). The tray was transferred to an 80 °C waterbath and incubated uncovered for 30 min. This resulted in a decrease in fluid volume to about 2 ~tl. The sample was then loaded onto a 0000-9009 © 1990 SGM sequencing gel. Electrophoresis was carried out using a 50 cm long, 0-4 mm thick 8 ~o polyacrylamide gel in the presence of 7 M-urea at 55 to 60 °C. Gel and running buffer was TBE (0.1 M-Tris, 89.6 mM-boric acid, 2 mt, t-EDTA, pH 8.3). The gel was dried using a Bio-Rad slab dryer (Model 483) and exposed overnight at room temperature to Fuji RX Medical X-ray film. All available sequences of the 5' non-coding regions of flaviviruses were entered on a computer in GenBank format. They were analysed for sequence homology using IBI/Pustell sequence analysis programs. In particular, the automated sequence alignment procedure was employed to align sequences. Whenever two or more alignments could be made, those which required the introduction of the lowest number of gaps were used.
After initial optimization of the dideoxynucleotide to deoxynucleotide ratios to ensure an even band intensity and background in all lanes, at least 105 nucleotides from 11 isolates were sequenced ( Fig. 1 ). This included nucleotides 4 to 109 using the numbering system of MVE-1-51 (Dalgarno et al., 1986) . The sequencing gels of MVE were marked by several 'strong-stop' positions which were often found to be present. The inclusion of up to 10 units of terminal deoxynucleotidyl transferase (TdT) per reaction during the chase (DeBorde et al., 1986) did not resolve these sequencing ambiguities. The termination of chain extensions in all four reactions at the 5" terminus resulted in thick bands which may have obscured the four terminal nucleotides which could not be determined by Dalgarno et al. (1986) . The sequence could be read up to these four nucleotides.
Overall the sequence was highly conserved among the isolates tested. Compared to the prototype strain MVE-1-51 (Dalgarno et al., 1986) , four isolates were identical, five isolates differed by one base change, one isolate differed by two base changes, and one isolate differed by three base changes (Fig. 1) . The two isolates from Papua New Guinea shared a common base addition, between positions 52 and 55. The exact site could not be determined since the addition was a uridine residue at a site which already contained two such residues. This feature was shared by OR 156, but in addition OR 156 contained another uridine residue flanked by the same sequence as the other isolates. It was not possible therefore to determine the exact site of the additions. The two Papua New Guinea isolates, MVE-1-56 and MK 6684, also differed by one residue at position 45 : MVE-1-56 contained an adenine residue, whereas MK 6684 possessed an adenine to guanine change at that site. Sequence information including positions 52 and 55 of nine other Australian isolates (OR 428, OR 432, OR 492, WK 15, BG 300, PB 1898, 15109D, 16219D and TC123422) was obtained and found to be identical to the prototype strain (results not shown). Details of these strains are described in Coelen & Mackenzie (1988) .
Analysis of the 5'-terminal non-coding region of flaviviruses revealed low levels of homology among the different antigenic subgroups. Moreover, the homology was distributed over short regions and large gaps were required to align these sequences (Brinton & Dispoto, 1988) . However, different members of the same subgroup displayed significant levels of homology and only a few gaps needed to be introduced to align their sequences (Fig. 2, and Brinton & Dispoto, 1988) . The various levels of relatedness found by examination of the homology of this domain accurately reflected the grouping which was obtained with antigenicity studies and which initially formed the basis of the division of these groups (Porterfield, 1980) . The relationship of the members of the WN subset, based on the homology of the 5' noncoding region, is shown in a dendrogram in Fig. 3 . The levels of relatedness reflect current thinking and agree (Dalgarno et al., 1986) . Nucleotides that differ from the prototype strain are indicated in boldface type. Those which could not be unambiguously determined are designated N. The numbering is according to Dalgarno et al. (1986) . (b) A comparison of the 5' noncoding regions of the genomes of flaviviruses belonging to the West Nile subset: MVE (prototype MVE-1-51 ; Dalgarno et al., 1986) , WN (Castle & Wengler, 1987) , JE (JaOArS982; Sumiyoshi et al., 1987) , SLE (MSI-7; Trent et al., 1987) and KUN (MRM61C; Cola et al., 1988) . Similarities are indicated by a + ; gaps, introduced to align sequences, are indicated by a -. The sequences were aligned using IBI/Pustell automated sequence matching. Where several sequence alignments with approximately similar homologies were available for matching, those sequences which required the least amount of gap were used. The box enclosing positions 14 to 19 indicates the presence of a highly conserved sequence which has a complementary sequence at the 3' region of the genome (Brinton & Dispoto, 1988) . The dendrogram was constructed using sequence homologies of the 5' non-coding region of these viruses. The similarity matrix, used to derive the dendrogram, was calculated using Jaccard's algorithm. Therefore the gaps which were introduced to align the sequences (see Fig. 1 b) were not included in the comparison. The nucleotides corresponding to the 'missing' bases of KUN (Coia et al., 1988) were also not included when calculating the degree of homology between KUN and the other viruses. The clustering program used the group averaging technique to derive the dendrogram. This is a conservative strategy and it has a low likelihood of introducing misclassifications.
and Australian isolates. Despite such a high level of divergence, the sequences of the non-coding region were almost identical. The extra uridine residue, nominally positioned after nucleotide 54, was not found in any of the Australian isolates examined except OR 156. This isolate also contained an additional uridine residue at the same site. Since viral replicase errors of base addition or deletion in the coding region of these viruses result in variants which cannot be propagated, the natural rates of these errors cannot be estimated. Furthermore, the relative probabilities of substitution or of deletion or addition errors cannot be estimated since the total amount of comparative sequence information available for flaviviruses is not sufficient. It seems likely however that the errors of addition or deletion would occur less frequently than nucleotide substitution, which in turn raises their value in terms of predicting relatedness. The sequence in the Y-terminal region was too conserved to be able to discover much about the relationship between most Australian isolates. On the basis of sequence conservation, however, it did confirm that all isolates tested were MVE, although this of course had been established by earlier workers in our laboratory using neutralization tests. In addition, the relatedness of the Papua New Guinea isolates was demonstrated by the sharing of an additional uridine residue. Finally, the relationship of OR 156 with the Australian isolates appeared to me more distant than with MVE-1-56 and MK 6684. This notion has been substantiated by the sequence divergence estimates of NS1 (Lawson, 1989) .
In most cases, the initiation codon which lies nearest to the 5' end of the mRNA is the functional initiator codon (Kozak, 1983) . The fiavivirus mRNAs are no exception to this rule. In addition, they contain a 5' cap structure, which is another feature of mRNAs (Shatkin, 1976) . Kozak (1981 Kozak ( , 1984 examined the nucleotides surrounding the initiator codon and found a consensus sequence, namely GCC(A/G)CCAUGG, which was present in most eukaryotic mRNAs. None of the flavivirus RNAs examined so far has been found to contain this sequence, nor did they contain a repeating GCC unit which was in phase with the initiation codon. This had been described by Kozak (1987) as possibly a further signal for lining up the ribosome complex with the initiation codon. The two structures found at the 5' end of the MVE genomes (unpublished data) have a calculated Gibbs free energy of less than 7 kJ/mol and according to Kozak (1983) this structure is easily melted by the 40S ribosomal subunits. Since the consensus sequence of Kozak (1981 Kozak ( , 1984 is not present in the flavivirus sequences it is probable that some other signal in the form of a sequence or structural motif is present. Examination of the flavivirus genomes in the region immediately surrounding the initiation codon has not revealed any potential consensus sequence. This observation taken together with the considerable structural conservation may indicate that the secondary structure is more critical in initiation of translation. Brinton & Dispoto (1988) found a correlation between a nucleotide substitution in a highly conserved region and virulence of SLE isolates for weanling mice. The comparable region in MVE, indicated by a box in Fig. 2 , was totally conserved among MVE isolates, including OR 156 which had been shown to display a low virulence for weanling mice. The significance of this observation is not clear. Until in vitro mutagenesis of flavivirus genomes is carried out, correlations such as the one described by Brinton & Dispoto (1988) cannot be substantiated with experimental evidence.
